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Abstract 28 
 29 
The impact of temporal changes in habitat availability and land use on the present genetic 30 
diversity of the grassland katydid species Metrioptera roeselii (Hagenbach, 1822) was 31 
investigated in an extensively used agricultural landscape (Lahn-Dill-Bergland, Germany) 32 
based on six microsatellite loci. By integrating spatial and temporal dimensions, this study 33 
contrasts to conventional approaches that usually record landscape changes at discrete points 34 
in time. 35 
Molecular data suggest little geographical substructuring of the species. Nevertheless, 36 
time-dependent effects on genetic diversity in terms of observed heterozygosity and allelic 37 
richness within subpopulations were detected by general linear models (GLM), explaining up 38 
to 82 % and 13 %, respectively. The results indicated that allelic richness was significantly 39 
reduced with higher rates of land-use change. Contrastingly, the level of heterozygosity even 40 
increased with increasing land-use change, if this rate increase was accompanied by a 41 
reduction in grassland amount, while with an increase of grassland amount the level of 42 
heterozygosity remained similar. Furthermore, depending on the study site, heterozygosity 43 
was differently affected by grassland age of sampled patches and of the surrounding. This is 44 
presumably induced by contrasting levels of heterozygosity in combination with differing 45 
modes of dispersal due to habitat availability and site-specific matrix effects. The loss of 46 
genetic diversity due to frequent land-use change might result in a reduced ability to adapt to 47 
landscape change, which is even more relevant in intensively used agricultural landscapes and 48 
in the course of climate change.   49 
 50 
51 
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Introduction 52 
 53 
Changes in landscape structure often go along with different habitat continuity and habitat 54 
turnover, a process that has been shown repeatedly to affect species richness (Burel 1992; 55 
Fahrig and Jonsen 1998; Waldhardt and Otte 2003; Purtauf et al. 2004; Lindborg and 56 
Eriksson 2004; Schrott et al. 2005; Baessler and Klotz 2006) and population structure (Petit 57 
and Burel 1999; Baucom et al. 2005; Herben et al. 2006). Yet, to our knowledge, the effects 58 
of habitat turnover on local genetic diversity of populations in agricultural landscapes have 59 
not been studied so far. The spatio-temporal dynamics in agricultural landscapes can, on the 60 
one hand, be attributed to agricultural intensification and changing socio-economic conditions 61 
that occur over broad spatial and temporal scales. Many habitat changes, on the other hand, 62 
are related to management activities and take place at a very small spatial or temporal scale 63 
(e.g. tilling, harvesting, crop rotation). All these processes, however, go along with habitat 64 
disturbances and changes in the amount and distribution of habitats. 65 
In the past, landscape structure has been predominantly recorded at discrete points in 66 
time. Ecologists, however, have become increasingly aware of the importance of the spatio-67 
temporal component of landscape dynamics in explaining patterns of biodiversity (Burel and 68 
Baudry 2005; Ernoult et al. 2006). The population genetic structure integrates the effects of 69 
landscape structure and its changes along the temporal scale on the distribution and the 70 
movement regime of a particular species (Slatkin 1985; Holzhauer et al. 2006). Integrated 71 
measures of landscape changes over time may therefore be needed to sufficiently explain the 72 
observed population genetic structure in dynamic landscapes. 73 
Landscape changes concern habitat amount, composition and configuration, which 74 
affect both the landscape connectivity and the habitat most suitable for a given species. The 75 
destruction and subsequent regeneration of habitat patches followed by colonisation by a 76 
small number of individuals leads to population turnover and hence to a population age 77 
structure similar to that in classical metapopulations (Wade and McCauley 1988; Pannell and 78 
Charlesworth 2000; Jacquemyn et al. 2004) with reduced levels of both within-population and 79 
species-wide genetic diversity (Pannell and Charlesworth 1999). Due to founder effects, 80 
younger populations often show low genetic diversity (Pannell and Charlesworth 2000; Haag 81 
et al. 2005), whereby for highly variable loci the loss of alleles occurs more rapidly than the 82 
loss of heterozygosity (Hedrick 1999). With patch age, i.e. the time since the patch became 83 
available for colonization, the local genetic diversity of species inhabiting these patches was 84 
observed to increase in many cases (Haag et al. 2005; Jacquemin et al. 2004). At the same 85 
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time the genetic differentiation among populations frequently decreases with patch age (Haag 86 
et al. 2005) depending on the mode of founding of new populations and the degree of 87 
common origin of the immigrants (Wade and McCauley 1988).  88 
 89 
In this study, we used landscape parameters that integrate land-use changes over the 90 
past 50 years, to determine the effects of habitat continuity, habitat availability and land-use 91 
change on the present genetic diversity of Metrioptera roeselii in a marginal agricultural 92 
landscape in central Germany. Using six microsatellite markers, we specifically tested the 93 
hypotheses that (i) the genetic diversity of populations of M. roeselii on matured habitat 94 
patches is higher compared to younger patches, (ii) the genetic differentiation among younger 95 
populations is higher than among older populations of M. roeselii, (iii) a constant (or 96 
increasing) availability of suitable habitat in the surrounding increased the genetic diversity of 97 
local populations of M. roeselii, and (iv) the frequency of changes in land-use in the 98 
surrounding landscape had a negative influence on genetic diversity, especially the allelic 99 
richness of local populations of M. roeselii.  100 
 101 
 102 
Materials and methods 103 
 104 
Study area and landscape analysis 105 
 106 
The study took place in the Lahn-Dill-Bergland, a low mountain range comprising about 107 
900 km² in central Hesse, Germany. This rural landscape is characterised by a small-scaled 108 
mosaic of various land-use types with an average field size of less than one hectare. Due to an 109 
increasing abandonment of agronomic utilisation in this region, the land use of individual 110 
fields changed repeatedly with a steady increase of the overall amount of grassland during the 111 
second half of the last century (Fuhr-Boßdorf et al. 1999; Hietel et al. 2004). 112 
Within the study area, nine study sites were selected (Fig. 1), for which digital maps, 113 
representing the land-use patterns between 1945 and 1999, were available (Division of 114 
Landscape Ecology and Landscape Planning, Justus Liebig University, Giessen, Germany). 115 
These digital maps with spatial extents ranging from 32 ha to 270 ha (Table 1) were derived 116 
from GIS-supported stereoscopic analysis of black and white aerial photographs (Fuhr-117 
Boßdorf et al. 1999). For our purpose, land-use types provided by the official German land-118 
use database ATKIS (http://www.atkis.de/) were reclassified as grassland, arable land, fallow 119 
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land, forest, settlement, or roads/paths. The number of digital maps, each representing the 120 
land-use pattern at a specific point in time, and the total temporal extent covered by the 121 
available land-use maps differed among the study sites (Table 1).  122 
In each study site four to seven grasslands (called sampling lots hereafter) were 123 
chosen, which formed the basis for the genetic sampling and the landscape analysis (Table 1). 124 
The age of each sampling lot was determined by the map documenting the earliest occurrence 125 
of current grassland use. Sampling lots were assigned to age classes 1 to 6, with class 1 126 
comprising the youngest and class 6 the oldest grassland. Ages from the same decade were 127 
pooled in one class. Within a distance of 100 m around the edge of each sampling lot, the 128 
amount and type of land use were determined. Also within this area, the age of every 129 
grassland lot was recorded.  130 
We used this landscape information to calculate (1) the central grassland lot age 131 
(CGA) and (2) the area weighted mean age of the current grassland (AWMGA) within a radius 132 
of 100 m surrounding the sampling lot (Equ. 1).  133 
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 Equ. 1 
where AWMGA is the area weighted mean age of grassland, Agi is the age of grassland lot i, 
Cgi is the area covered by lot i, and i is the lot index running from 1 to n. 
 134 
As a third landscape variable, (3) the average rate of land-use change between 135 
successive time periods (LUC) was quantified for all management units within the 100 m 136 
radius surrounding the sampling lot (Equ. 2).  137 
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where LUC is the rate of land-use change in the radius, Rluci is the change rate within lot i. 
 138 
Additionally, we calculated whether the amount of grassland within 100 m around 139 
each sampling lot increased or decreased within the considered period of time (Gtrend). 140 
Geographic distances between pairs of study sites were calculated using straight lines 141 
between the site centres. All GIS analyses were done using ArcView 3.2 (ESRI, Redlands, 142 
California).  143 
 144 
***Table 1*** 145 
 146 
147 
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Study species 148 
 149 
Metrioptera roeselii (Hagenbach, 1822) (Orthoptera, Saltatoria, Ensifera, Tettigoniidae) is a 150 
common and widespread bush-cricket in central Europe (Ingrisch 1986; Kindvall et al. 1998). 151 
The species mainly occurs in grassland habitats, including verges of roads, tracks, and 152 
ditches, where it is able to complete its whole lifecycle; arable land and forest are unsuitable 153 
for this species (Ingrisch and Köhler 1998; Laußmann 1999; Berggren et al. 2001; Holzhauer 154 
et al. 2006). The species has one generation per year (Marshall and Haes 1988). 155 
The bush-cricket shows a mean daily movement distance of 9.0 m ± 21.8 s. d. and 156 
7.8 m ± 16.4 s. d. for males and females, respectively (Kindvall et al. 1998). Larger daily 157 
movement distances of M. roeselii are observed only occasionally, with a recorded maximum 158 
of 172 m (Kindvall et al. 1998). The proportion of macropterous specimens and therefore the 159 
amount of dispersal by flight within M. roeselii populations is generally low (< 1 %, Vickery 160 
1965). 161 
 162 
 163 
Sampling, DNA isolation and microsatellite application 164 
 165 
Between July and September 2003, on each of the 52 grassland lots an average of three (± 0.9 166 
s. d.) males of M. roeselii were sampled. Individuals from one study site were considered a 167 
population, those from a particular sampling lot a subpopulation. The age of a subpopulation 168 
was determined by the inhabited sampling lot, i.e. the time since the lot became available for 169 
colonization by M. roeselii. DNA was extracted from the femur muscle using the DNeasy 170 
Tissue Kit (Qiagen). Individual samples were genotyped at six di- and trinucleotide 171 
microsatellite loci developed for M. roeselii by Holzhauer and Wolff (2005). Amplification 172 
and sizing of microsatellite loci were described previously (Holzhauer and Wolff 2005). 173 
 174 
 175 
Population genetic analyses 176 
 177 
Linkage disequilibrium, the non-random association of alleles at different microsatellite loci, 178 
was tested after Black and Krafsur (1985) with Genetix ver. 4.05.2 (Belkhir et al. 2004) 179 
applying a significance level of P<0.05. To investigate the genetic structure among and within 180 
populations, allelic and genotypic frequencies of the microsatellite loci were used. Departures 181 
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from Hardy-Weinberg equilibrium (HWE) were tested for each of the six loci at a 182 
significance level of P<0.05 in Arlequin ver. 2.000 (Schneider et al. 2000). Micro-Checker 183 
2.3.3 (Van Oosterhoud et al. 2004) was used to test for null alleles within the populations. 184 
Mean expected heterozygosity unbiased of unequal sample size (HE n. b.), mean observed 185 
heterozygosity (HO), and mean number of alleles per locus (A) were calculated for the study 186 
area, the populations, as well as for the subpopulations according to Nei (1987) in GENETIX 187 
4.05.2. Additionally, the size-standardised number of alleles per locus, R, was calculated for 188 
populations and for subpopulations with at least two individuals (N = 47) following the 189 
rarefaction method implemented in Fstat 2.9.3.2 (Goudet 2002). In addition, the number of 190 
private alleles over all microsatellite loci was compiled for each population.  191 
The inbreeding coefficient, f (Weir and Cockerham 1984), was calculated to estimate 192 
the deviation from random mating within each population (heterozygote deficiency or excess, 193 
Wright 1978). Confidence intervals of the inbreeding coefficients per population were 194 
estimated using 10 bootstrap iterations over loci (GENETIX 4.05.2). Significance of a deviation 195 
was calculated for each population and each of the six loci based on 5400 randomisations 196 
(significance level P<0.01) (Fstat 2.9.3.2).  197 
Nei’s minimum genetic distance Dm (1978) was calculated to assess population 198 
differentiation between study sites independent of gene diversity within populations, because 199 
with highly variable microsatellite loci differentiation might be underestimated (Hedrick 200 
1999). Differentiation was tested for with 1000 permutations. 201 
To examine whether pairwise differentiation between populations (Dm) was correlated 202 
with geographical distance under an isolation-by-distance pattern, a Mantel test was used with 203 
1000 permutations. If not stated otherwise, the above analyses were done using GENETIX 204 
4.05.2.  205 
Genetic clustering of M. roeselii specimens within the study area and within 206 
populations was tested using Structure 2.2 (Pritchard et al. 2000), which uses allele 207 
frequencies calculated from given genotypes. Applying the implemented admixture model 208 
two Markov Chain Monte Carlo (MCMC) schemes were run: first a scheme for 2 to 9 clusters 209 
(K) for all specimens within the study area, and second for each of the nine populations with 210 
K-values between 2 and the total number of lots within each of the populations. 20 runs per K 211 
were carried out, with each run comprising a burn-in length of 30,000 and a MCMC length of 212 
100,000. The distribution of likelihood values and variance between runs across K was 213 
plotted for each K and thereby the most plausible number of clusters deduced (Pritchard et al. 214 
2007).  215 
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The population genetic structure was further investigated by means of a hierarchical 216 
analysis of molecular variance (AMOVA; Arlequin ver 2.000). In a first model we tested the 217 
effect of spatial distribution on the genetic variation and differentiation. Here, three spatial 218 
scales of population structure were considered: (1) study area, (2) populations, (3) 219 
subpopulations. A second and third model examined the variation and differentiation within 220 
two age groups, i.e. the younger (up to 31 years old, age classes 1-3) and the older (32 to 58 221 
years old, age classes 4-6) subpopulations, respectively. In a fourth model the subpopulations 222 
of these two age groups were compared directly. 223 
 224 
 225 
Effects of landscape parameters on genetic diversity 226 
 227 
General Linear Model analysis (GLM) was used to test main effects as well as interactions of 228 
the integrative measures of landscape structure on genetic diversity, as measured by mean 229 
observed heterozygosity (HO) and mean number of alleles per locus (R). Specifically, 230 
independent variables were (i) the central grassland lot age (CGA), (ii) age of grassland in the 231 
surrounding (AWMGA), (iii) the rate of land-use change in the surrounding (LUC), and (iv) 232 
the in- or decreasing trend of grassland amount within the surrounding (Gtrend). After a 233 
founding event we expect especially the level of heterozygosity to increase with grassland age 234 
due to population growth, while particularly allelic richness, which depends on the initial 235 
population size, is expected to decline with a higher rate of habitat turnover. To account for a 236 
potential levelling off of genetic diversity after an initial founder event also quadratic terms of 237 
grassland age (CGA, AWMGA) were allowed to enter the model. To allow for population 238 
recovery in periods of longer habitat persistence when turnover rates are low, also quadratic 239 
terms of LUC were considered in the models. Study site was included as a random factor. 240 
Nested design was applied by including the interaction with study site: CGA*study site, 241 
AWMGA*study site, and LUC*study site, as well as the interaction of quadratic terms of each 242 
with study site. Additionally, interactions between Gtrend, study site, and variables i-iii, resp., 243 
were included. Dependent variables were ln-transformed prior to analyses. GLMs were 244 
conducted with forward stepwise procedure using Statistica 6.0 (StatSoft Inc. 2002). Case 245 
outliers were identified using the residual analysis tool of the Statistica Software. Only 246 
variables with significant effects (P<0.05) remained in the final model. 247 
 248 
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Results 249 
 250 
Landscape analysis 251 
 252 
The majority of sampling lots fell within the youngest or the oldest age class (Fig. 2), with a 253 
mean class age of 2.7 ± 2 s. d. years for all lots. The average weighted mean grassland age 254 
(AWMGA) across all sites was 27.4 ± 12.9 s. d. years. The average rate of land-use change 255 
between successive time periods (LUC) was 0.2 ± 0.08 s. d. changes per lot. Significant 256 
correlation coefficients, r, for pairs of landscape variables were not higher than 0.4. 257 
Proportions of land-use types were diverse. In general, however, an increase of 258 
grassland at the cost of arable land was found over time in the study area. In 1945, grassland 259 
covered 31.6 % ± 15 whereas in 1999 grassland covered 40.3 % ± 19.5 of the area. Arable 260 
land, in contrast, declined from an area percentage of 46.3 % ± 14.5 in 1945 to 25.5 % ± 24.6, 261 
in 1999. 262 
Geographic distances between the study sites ranged from 3.7 to 21.8 km with a mean 263 
of 11.6 ± 5.25 km for 36 pairwise comparisons. 264 
 265 
***Fig. 2*** 266 
 267 
 268 
Genetic population structure 269 
 270 
On average 17.3 individuals were sampled within each population (Table 2), resulting in a 271 
total of 156 bush-crickets. All microsatellite loci were highly polymorphic with a mean of 272 
16.5 alleles per locus (A) for the study area. Alleles per locus per population (Table 2) were 273 
significantly correlated with the sample size per population (r=0.7; P<0.05). Therefore, the 274 
standardised number of alleles per locus (R; Table 2) was used in the analysis. Private alleles 275 
were observed in all populations but one (Ober; Table 2). No linkage disequilibrium could be 276 
detected between microsatellite loci. 277 
Observed genetic diversity in the study area was lower than expected with means of 278 
HE n. b. and HO being 0.85 and 0.64, respectively, a relationship found also for all single 279 
microsatellite loci and for all populations (Table 2). The inbreeding coefficient, f, also 280 
indicated a deficiency of heterozygotes within populations (Table 2). Within the study area 281 
four of six loci, i.e. all with exception of loci MR2-42 and MR3-24, showed a significant 282 
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deviation from Hardy-Weinberg-equilibrium. Significant deviation was also observed at least 283 
for two loci per population, with P<0.05 for the loci MR3-34 in all populations and for MR3-284 
44 in eight of nine populations. For these two loci null alleles were detected in almost all 285 
populations and might have led to a minor underestimation of the level of genetic diversity. 286 
The other loci showed evidence for null alleles only in one or a few populations. The 287 
subdivision of the populations might be responsible for the heterozygosity deficit (Wahlund 288 
effect) caused by genetic drift and/or inbreeding. This was not tested due to the small sample 289 
size of subpopulations.  290 
Nei´s minimum genetic distance Dm between populations was found to be within the 291 
range of 0.024 to 0.075 with a mean of 0.047 (Table 3). Dm therefore indicated low to 292 
moderate differentiation between populations. 293 
 294 
***Table 3*** 295 
 296 
The Mantel test revealed no evidence for an isolation by distance effect for the study 297 
area, as geographical distance and Dm for pairwise population comparisons were not 298 
significantly related (r=0.16, P=0.55). 299 
Analysis of the population genetic structure based on allele frequencies supported the 300 
subdivision into nine populations. Using all specimens within the study area nine clusters 301 
seemed to be most plausible. Thereby the proportion of membership of each of the 302 
populations was distributed among more than one cluster. Within populations no further 303 
substructuring could be observed.  304 
According to the AMOVA, genetic variation was significantly determined by both 305 
spatial and temporal variables, with the spatial structure being more influential (Table 4). 306 
Variation among populations contributed 1.7 % to the total variation in the dataset. 307 
Differentiation among populations was very low (FCT: 0.017; p<0.001). Genetic variation 308 
among subpopulations within populations explained 5.9 % of the overall genetic variation. 309 
The majority of variation (92.3 %) occurred within the subpopulations. Separate AMOVAs 310 
for subpopulations of younger (1-3) and of older age classes (4-6), respectively, showed less 311 
genetic variation in younger subpopulations and more genetic variation in older ones (91.8 % 312 
and 93.6 %, resp.). Accordingly, genetic differentiation among younger subpopulations was 313 
higher than among older subpopulations (FSC: 0.08, P<0.01, and FSC: 0.068, P <0.01, resp.). 314 
However, despite the trend indicated by the separate analyses the direct comparison of 315 
younger and older subpopulations in a joint AMOVA showed no significant differentiation.  316 
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 317 
***Table 4*** 318 
 319 
 320 
Effect of landscape parameters on genetic diversity 321 
 322 
The best GLM explained about 82 % of the heterozygosity level in M. roeselii (Table 5). 323 
Grassland age of the sampling lot (CGA) and of the surrounding grassland (AWMGA) had the 324 
strongest effect on HO. Yet, the effect of grassland age on HO was of different directions 325 
depending on the study site. Whereas there was a significantly positive effect of CGA on HO 326 
for study sites Neis and Stei, a significantly negative effect was observed for study site Günt. 327 
For all remaining study sites no significant effect of CGA on HO could be observed (Fig. 3). A 328 
significant interaction was also obtained for AWMGA and study site. For study sites Bott and 329 
Trin a significantly positive effect of AWMGA on HO was observed, whereas for study site 330 
Neis this effect was a significantly negative. No such effect was detected for the other study 331 
sites. In addition, there was a significant interaction of land-use change (LUC) and increasing 332 
and decreasing amount of surrounding grassland in time (Gtrend). Separate plotting of HO 333 
against LUC for increasing grassland amount in the surrounding on the one hand and for 334 
decreasing grassland amount on the other hand gave further information about this interaction 335 
of LUC with Gtrend. When sampling lots were situated in a surrounding with decreasing 336 
grassland amount in time, more frequent land-use change in the surrounding supported higher 337 
levels of heterozygosity, while less frequent land-use change resulted in lower heterozygosity. 338 
Sampling lots with increasing amounts of surrounding grassland, however, showed similar 339 
levels of heterozygosity with both high and low levels of land-use change. 340 
The number of alleles (R) could be explained to a proportion of about 12 % by a GLM 341 
only including LUC of the surrounding landscape (Table 6). The effect was significantly 342 
negative. Neither grassland age of the sampling lots (CGA) nor of the surrounding area 343 
(AWMGA) had a significant influence on allelic richness.  344 
 345 
***Table 5*** 346 
***Table 6*** 347 
 348 
 349 
350 
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Discussion   351 
 352 
This study aimed at detecting and characterising the effects of habitat availability and habitat 353 
disturbance over time on genetic diversity of the ubiquitous Metrioptera roeselii in an 354 
agricultural landscape. Notwithstanding a low level of population structuring, which was 355 
mainly shaped by the geographical distribution of bush-cricket samples, time-dependent 356 
effects on genetic diversity in terms of observed heterozygosity and allelic richness were 357 
detected. Observed heterozygosity in populations of M. roeselii was strongly affected by the 358 
age of surrounding grassland and especially the age of the sampling lot. This conforms to the 359 
expectations of Gibbs (2001), who, by using a simulation model, found that the fraction of 360 
patches occupied over time was the primary demographic determinant of the levels of 361 
heterozygosity in local populations. Within our study sites, however, either an increase or a 362 
decrease of heterozygosity could be observed with increasing population age. We assume that 363 
the direction of influence of grassland age on genetic diversity depends on the origin of 364 
founding individuals, and thus whether genetic diversity of newly established subpopulations 365 
is initially higher or lower than what can be maintained at migration-drift equilibrium 366 
(Pannell and Charlesworth 2000; Wade and McCauley 1988). Heterozygosity, moreover, was 367 
not observed to level off with grassland age. A possible highest sustainable level may not be 368 
detected, because the covered time period was too short. 369 
The observed effects of grassland age, however, did not result in a significant 370 
population age structure, though samples from younger and older grassland lots expressed 371 
distinguishable levels of genetic variation. Moderate levels of differentiation and the lack of 372 
isolation by distance in our study allow the assumption that younger subpopulations were 373 
founded by migrants from multiple sources rather than a single one and that long-distance 374 
dispersal partly determined spatial genetic structure. With 8 % an uncommonly high 375 
proportion of fully-winged M. roeselii was sampled on the grassland lots. Simmons and 376 
Thomas (2004) found that the number of macropterous M. roeselii in newly colonized habitat 377 
patches decreased significantly with population age. Fully-winged individuals may represent 378 
long-distance dispersers that may have originated from multiple sources and thus may reduce 379 
levels of differentiation in younger subpopulations (Jacquemyn et al. 2006).  380 
Grassland lots surrounding the sampling lot are potential sources for immigrants, and 381 
therefore, the level of heterozygosity of the sampled subpopulations is also determined by the 382 
surrounding level of genetic diversity. The age of the surrounding grassland had a marked 383 
effect on the genetic diversity of local populations. However, both increase and decrease of 384 
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heterozygosity with age of the surrounding grassland could be observed. This suggests 385 
additional factors affecting genetic diversity of the sampling lot. On the one hand, the initial 386 
heterozygosity level induced by colonisers from surrounding grasslands approaches the level 387 
that is maintained by a migration-drift equilibrium (see above). On the other hand, landscape 388 
connectivity is time-dependent, as changing habitat availability and configuration can lead to 389 
a higher connectivity within a certain range of time than at a single point (Burel and Baudry 390 
2005). Varying landscape configuration could also change the importance of verges of roads, 391 
tracks and ditches as corridors without displacing them, because M. roeselii specimens prefer 392 
corridors over matrix (Berggren et al. 2002).  393 
Increased levels of observed heterozygosity in situations with decreasing amount of 394 
grassland but increasing rate of land-use change in the surrounding point to the importance of 395 
changing habitat configuration for landscape connectivity. Moreover, the creation of new and 396 
vacant grassland habitat can give rise to enhanced dispersal success (Gibbs 2001), and 397 
subsequent admixture effects could result in an increase of diversity (Chakraborty et al. 398 
1988). Nevertheless, frequent land-use change in the surrounding of sampling lots lead to the 399 
loss of genetic diversity, as reduced allelic richness in M. roeselii suggests. These results also 400 
corroborate the higher sensitivity of allelic richness towards bottleneck situations as they are 401 
often found in recently colonized areas (Spencer et al. 2000; Luikart and Cornuet 1998).  402 
Our results refer to the effects of habitat persistence and turnover on genetic diversity. 403 
By using time-integrative parameters we approached the analysis of processes rather than 404 
patterns. The results indicate that even in extensively used agricultural landscapes habitat 405 
availability over time and land-use change rate shape the population genetic structure of a 406 
mobile insect. Therefore, rates of habitat change and the overall availability of suitable habitat 407 
need to be carefully balanced in order to support genetic diversity, even in less intensively 408 
used agricultural landscapes. Genetic diversity might be reduced even stronger in intensively 409 
used landscapes as well as for habitat specialist or less vagile species. The loss of genetic 410 
diversity due to frequent land-use change could result in a reduced ability to adapt to 411 
landscape changes, e.g. induced by climate change.   412 
413 
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Figure legends 545 
 546 
Figure 1: Geographical location of the nine sampled study sites within the study area, the 547 
Lahn-Dill-Bergland, Hesse, Germany. For ID of sites see Table 1.  548 
 549 
Figure 2: Distribution of sampling lots [%] over the six age classes. 550 
 551 
Figure 3: Subdivided interaction-plot of CGA and study site showing the positive (a) and 552 
negative correlation (b) of grassland age of the sampling lots (CGA) and the level of 553 
heterozygosity (lnHO) for each of the nine study sites. Significant correlations according to 554 
GLM (Tab. 5) are shown in black. 555 
556 
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Figure 1:  557 
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Table 1: Information on the spatial and temporal extent as well as the temporal grain of the 567 
historic land-use maps per study site. Statistical sample sizes for the genetic and landscape 568 
analyses are given.  569 
study site ID ha extent recorded years (19xx) age 
classes 
N 
sampling 
lots       
Bottenhorn Bott 36 600x600 99, 89, 79, 61, 53, 45 1-6 6 
Erda Erda 270 1500x1800 98, 94, 89, 83, 73, 67, 53, 45 1-6 6 
Günterod Gunt 68 850x800 99, 89, 79, 62, 53 1-5 7 
Niedereisenh. Neis 54 900x600 99, 89, 79, 73, 61, 53, 45 1-6 5 
Niederlemp Nlem 70 1000x700 99, 89, 73, 67, 53, 45 1-6 4 
Oberhörlen Ober 80 1000x800 99, 89, 79, 73, 61, 53 1-5 7 
Runzhausen Runz 80 1000x800 99, 89, 79, 61, 53, 45 1-6 5 
Steinbrücken Stei 36 600x600 98, 94, 89, 79, 72, 61, 53, 45 1-6 5 
Tringenstein Trin 32 800x400 99, 89, 79, 62, 45 1-4, 6 6 
 570 
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Table 2: Number of M. roeselii samples per population, number of private alleles, mean 571 
number of alleles/locus per population considering all sampling points (allelic richness A) and 572 
considering 47 sampling points with standardised sampling size (standardised allelic richness 573 
R), level of expected (HE n. b.) and observed (HO) heterozygosity. Inbreeding coefficients, f, 574 
are given with 95% confidence interval.  575 
population N  private alleles A R HE n. b. HO f (95% c. i.) 
Bott 16 3 10.83 9.15 0.85 0.66 0.23  (0.11-0.29) 
Erda 16 1 9.83 8.58 0.84 0.68 0.14  (0.02-0.18) 
Günt 20 1 9.83 7.34 0.83 0.58 0.30  (0.16-0.38) 
Neis 16 1 7.83 7.09 0.79 0.55 0.31  (0.05-0.33) 
Nlem 12 1 9.17 7.73 0.80 0.67 0.17  (0.02-0.22) 
Ober 18 0 9.17 7.89 0.82 0.62 0.25  (0.11-0.3) 
Runz 19 1 11.83 8.92 0.84 0.59 0.30  (0.23-0.33) 
Stei 12 2 10.83 8.46 0.84 0.63 0.25  (0.13-0.25) 
Trin 27 5 11.17 8.26 0.83 0.75 0.12  (0.04-0.19) 
 576 
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Table 3: Values of population differentiation, Dm (above), and the geographical distance [km] 578 
between the populations (below). Asteriscs indicate significance (P<0.05). 579 
 Bott Erda Günt Neis Nlem Ober Runz Stei Trin 
Bott  0.06* 0.027 0.053* 0.042 0.042 0.033 0.062* 0.043* 
Erda 13.2  0.043* 0.05* 0.062* 0.058* 0.038 0.042 0.057* 
Günt 6 8.3  0.05* 0.031 0.033 0.024 0.053* 0.037* 
Neis 5.5 18.5 11  0.053 0.075* 0.037 0.054 0.075* 
Nlem 16.8 6.6 10.7 21.8  0.043 0.036 0.075* 0.041* 
Ober 7.6 19.1 10.7 5.3 20.5  0.041 0.058* 0.026 
Runz 3.8 13.6 8.2 7 18.3 10.8  0.043 0.038* 
Stei 12.5 21.2 13.3 11 20.9 5.6 16  0.069* 
Trin 6.7 11.5 3.7 10.3 12.2 8.2 10.2 9.7  
 580 
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Table 4: Analysis of molecular variance (AMOVA) and F-statistics of the genetic diversity. 582 
Local subpopulations are grouped hierarchically according to their geographic location and 583 
temporal classification, respectively. 584 
Source of variation d. f. Sum of Squares Variance 
components 
Percentage 
of variation 
F-statistics 
Regional structure 
Among populations 8   37.941   0.04 1.7   0.017*** 
Among subpopulations 
within populations 
42 136.266   0.15 5.91   0.06* 
Within subpopulations 253 596.000   2.36 92.39   0.076*** 
      
Total 353 770.207 2.55   
      
Temporal structure – subpopulations of younger and older age classes separately 
Among age classes 1-3 2 7.602   0.004 0.15   0.002 
Among subpopulations 
within age classes 1-3 
30 105.614   0.205 8.03   0.08** 
Within subpopulations 1-3 159 372.008   2.34 91.82   0.082** 
      
Total 191 485.224   2.548   
      
Among age classes 4-6 1 3.181 -0.01 -0.41 -0.004 
Among subpopulations 
within age classes 4-6 
14 48.987   0.176 6.86   0.068** 
Within subpopulations 4-6 86 206.284   2.397 93.55   0.065** 
      
Total 101 258.384   2.562   
      
Temporal structure – between groups of younger and older age classes  
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Among age class groups  1 2.76 -0.007 -0.27 -0.003 
Among subpopulations   
within age class groups 
47 165.383   0.194 7.62   0.076*** 
Within age classes 245 578.125   2.36 92.65   0.074*** 
      
Total 293    2.547   
*** P<0.001; ** P<0.01; *P<0.05 585 
 586 
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Table 5: GLM for the dependent variable heterozygosity (lnHO). 2 out of 52 cases were 588 
excluded for the goodness of fit. Sums of squares (SS) with direction of effect. 589 
 590 
Explanatory variables d.f. SS P 
Intercept 1 2.82 < 0.0001 
CGA 1 (+) 0.06 < 0.05 
CGA*study site 8 (±) 0.74 < 0.0001 
AWMGA*study site  8 (±) 0.48 < 0.0001 
Gtrend*LUC 1 (+) 0.14 < 0.001 
Error 31 0.29  
Model R²      0.82 
Model P   < 0.0001 
 591 
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Table 6: GLM for the dependent variable the number of alleles per locus (lnR). 3 out of 47 593 
cases were excluded for the goodness of fit. Sums of squares (SS) are presented with direction 594 
of effect. 595 
 596 
Explanatory variables d.f. SS P 
Intercept 1 7.71 < 0.0001 
LUC  1 (-) 0.02 < 0.05 
Error 42      0.17  
Model R²      0.13 
Model P   < 0.05 
 597 
